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Wind power turbines — Gear oil location ILUBER
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Industrial gears - Influences
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Influences on load-carrying capacity and

IKLUBER
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efficiency
Construction
& operating
Gear failure Material conditions Lubricant
Tooth root breakage (tooth root strength) X X -
Scuffing load-carrying capacity (scuffing load) (x) ) ¢ XX
Wear bahavior (wear limit) (x) X XX
Pitting (flank strength) X X X
Micropitting X X x(x)
Efficiency - X X
Overheating - X ) ¢

XX  strong influence X influence = no influence
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Industrial gear oils - Structure ILUBER
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Industrial gear oils KLUBER
Requirements acc. to DIN 51517-3 — CLP gear oils LUBRICATION
S CLP | CLP | CLP | CLP | CLP | CLP | CLP | CLP | CLP | CLP | CLP
32 46 68 100 150 | 220 | 320 | 460 [ 680 | 1000 | 1500
ISO viscosity grade 32 46 68 100 150 | 220 | 320 | 460 | 680 | 1000 | 1500
Kinematic viscosity 28,8 | 414 | 61,2 90 135 198 | 288 | 414 | 612 | 900 [ 1350
at 40 °C, mm?/s 352 | 50.6 | 748 | 110 165 | 242 | 352 | 506 | 748 | 1100 | 1650
Viscosity index 90 90 90 90 90 90 90 90 85 85 85
Density at 15 °C, kg/m? Report
Flash point, °C 2180 =180 =180 =200 =200|=200|=200| =200 (=200 =200 =200
Pour point, °C <12 (<12 |12 | <12 <=9 | <9 | <9 | <9 | <3| =<-3] =<-3
Neutralisation number Report
Water content, % <0,1
Foam behaviour, ml 100/10(100/10{100/10|100/10{100/10{100/10{100/10{150/60( 150/60|150/10]|150/60
Demulsibility 30 30 30 30 30 30 30 30 30 30 30
Copper corrosion Rating 1
Steel corrosion Rating 0 - A

Resistance to aging

Increase in viscosity < 6 %

FAG FES8 wear test

roller wear < 30 mg, cage wear < 200 mg

FZG scuffing test

Failure load stage 2 12

Elastomer compatibility

SRE-NBR 28
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Wind turbine gear oils — Higher requirements KLUBER
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High scuffing and micropitting load-carrying capacity

Low friction behavior

No negative influence on wear behavior and life time of rolling bearings
High oxidation stability

High upper operating temperature

No residue formation

No negative influence on radial shaft seals (RSS)
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Wind Mill Gear Oil Requirements

* Resistance to micropitting > LS 10
» Scuffing load capacity > LS 13

 Suitable for rolling bearing lubrication
FAG FES8 test

 Low residue formation
t=60-90 °C

* Resistance to hydrolysis
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Scuffing load-carrying capacity )
. ISLUBER
High performance LUBRICATION
' SO VG 2 ISO 14635-1
i 0 Test gears type A
v, =83 mls @ 90 °C
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Mineral Oil PAO PAG H1 PAG H1 PAO

Exemplary flank photo
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Micropitting load-carrying capacity

High performance
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Load stage test Endurance test
20 Running time 16 h / load stage] = Checks after every 80 h Test conditions:
um : Micropitting test:
limit
14 Failure Lubricant: e —
25 imit Kliibersynth GHE—320 | Exempiary fank o
fém 10
8 Surface roughness:
6 / Rqg & 0,50 pum
0 FZG micropitting test | Load-carrying capacity
5 6 7 8 9 10]8 [10 10 10| FVAS54/7 _an ° _an o
795 945 1094 1245 1395 1547 |1245 [&—————1547 9, =90 °C| 9, =60°C
Mineral Oil high high
Execution: Forschungsstelle fir Zahnrader und Getriebebau (FZG) . .
PAO high high
Endurance test: PAG high high
No further increase of micropitting compared H1 PAG high high
with the step test H1 PAO medium | medium
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Micropittir_lg load-carrying capacity KLUBER
High performance LUBRICATION

Stopping micropitting formation by using the right lubricant

Load stage test Endurance test
Running time 16 h / load stage Checks after every 80 h Test conditions:
20
um } T Micropitting test:
16 Failure | ¢ /83 / 60
limit
14 : Lubricant:
Failure . .
12F  imit -®- |SO VG 320 Mineral Oil
ffm 10 —0 End of test due to pitting
8 l -0 PAO
6 Surface roughness:
;’ Ry ® 0.50 pm / 0.43 pm
5 6 7 8 9 10 10 |Load stage
795 945 1094 1245 1395 1547 ||1245 [&——1547 — | p¢ in N/mm 2

Execution: Forschungsstelle fiir Zahnrader und Getriebebau (FZG)
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Pitting load-carrying capacity rKLiBER
High performance LUBRICATION
50 % failure probability _’::g Z/é‘a/rs type C-PT
ISO VG 100 v =83m/s @60 °C

100 -

Calculation of pitting
load-carrying

<= DIN 3990/
ISO 6336

Increase of pitting safety due to the lubricant

Load cycles pinion LW [Mio]

Mineral Oil Ester Oil PAO PAG H1 PAG

Execution: Forschungsstelle fiir Zahnrader und Getriebebau (FZG)
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Bearing protection — High performance JSELIBELT

Wear or fatigue failure of rolling bearings is often the reason
for gear failures

« Significant influence of the additives
« Consequential failures

Investigation of the bearing wear behavior
 FE8 wear test D 7.5/80-80 according to DIN 51819-3
« Maximum roller wear <= 10 mg, maximum cage wear <= 100 mg
* FE8 endurance test D 75/80-80 according to DIN 51819-3
* Double calculated bearing life time of 1500 h



Bearing load-carrying capacity
FAG-FES8 bearing test rig
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Bearing protection
High performance
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Test FES8 wear test FE8 endurance test
D 7.5/80-80 D 75/80-80
ISO VG 320 Roller Cage 1500 h Roller Cage
wear wear wear wear
[mg] [mg] [mg] [mg]
Mineral Oil 0 87 passed 1 43
Ester Oil 1 22 passed 1 30
PAO 0) 37 passed 1 50
PAG 0 22 passed 1 35
H1 PAG 1 44 passed 1 12
H1 PAO 1 128 passed 1 638
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JilDoc Conference and Exhibition'2011 — Gear Oil Problems Experienced by Vestas




11/15/2011 / Slide 19 Dennis A. Lauer, P.E.

FLENDER foam test
Test procedure acc. to FLENDER report GG-V 425 LUBRICATION

KKLUBER

Test conditions
* Puotor = 0,55 kW
* Nyotor = 1450 rpm
* Boiistart =25 °C
* Oil volume of 1 Liter

Execution of the test
* Running time 5 min, standing time 1 min
 Observation of the foam behavior for 90 min

Test result
 Measurement of the foam behavior
» Total volume increase
+ Oil-air dispersion good upto 5%
» Surface foam

 Evaluation of the foam behavior
1 min after stopping the motor

Evaluation Totol volume

foam behavior increase

satisfactory up to 10 %

still permissible up to 15 %

excessive over 15 %
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IKLUBER

Foam behavior — High performance

LUBRICATION
20 Total volume GG-V 425 -
—— Oil-air dispersion 9 = 25 °C Evaluation
Oil,Start .
Surface foam foam behavior:
< 15 still permissible
o
2
©
S tisfacto
g 10 satis ry
o
£
=
o
> 5 _\'\f good
\. \ FLENDER foam test Total volume
after 1 min increase [%)]
0 ' ' | | ! ! ' Mineral Oil 6
0 10 20 30 40 50 60 70 PAO 5
Duration [min] PAG 10
H1 PAG 6
H1 PAO 10
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Elas?omer compatibility KLUBER
High performance LUBRICATION

Perfect harmonization of lubricant and seal
* Protection of seals against friction and wear

« Avoidance of leakages,
extensive oil filtering, PR,
and gear box repairs

Investigation of the elastomer compatibility
« Static elastomer compatibility according to DIN ISO 1817
 Dynamic elastomer compatibility according to DIN 3761
« Elastomer materials 72 NBR 902, 75 FKM 585, and 75 FKM 170055
 Limits according to Freudenberg FB 73 11 008



11/15/2011 / Slide 22 Dennis A. Lauer, P.E.

Static elastomer compatibility KLUBER
High performance LUBRICATION

Investigation of elastomer compatibility

- Static elastomer compatibility of gear oils for 1008 h at 100 °C bzw.
110 °C / 130 °C according to DIN ISO 1817

« Elastomer materials 72 NBR 902, 75 FKM 585 and 75 FKM 170055
» Limits according to Freudenberg FB 73 11 008

Stat. elastomer Change [%]
compatibility Shore-A-
DIN ISO 1817 Volume hardness | Max. stress| Elongation
Mineral Oil >-2...5<] >-5...5< | >-50...20<|] >-60...20<
PAO >-2...5<] >-5..5< | >-50...20<| >-60...20<
PAG >-2...5<] >-5..56< | >-50...20<| >-60...20<
H1 PAG >-2...5<] >-5..56< | >-50...20<| >-60...20<

(72 NBR 902, 75 FKM 585, and 75 FKM 170055)

* Protection of leakages, extensive oil filtering, and gear box repairs
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Dynamlc_elastomer compatibility KLUBER
High performance LUBRICATION

Investigation of elastomer compatibility

* Dynamic elastomer compatibility of gear oils for 1008 h at 80 °C bzw.
90 °C /110 °C nach DIN 3761

« Elastomer materials 72 NBR 902, 75 FKM 585 and 75 FKM 170055
» Limits according to Freudenberg FB 73 11 008

Dyn. elastomer | Leak- Change

compatibility age | Width of running marks | Run-in depth | Interference with | Interference with-
DIN 3761 [mI] | atsealing edge [mm] | of shaft [um]| spring [mm] | out spring [mm]
MIN GEM 1 N 0 <05 <5 <-0.6 <-0.7

PAO GEM 4 N 0 <05 <5 <-0.6 <-0.7

PG GHG6 0 <0.5 <5 <-0.6 <-0.7

PG UH16 0 <05 <5 <-0.6 <-0.7

(72 NBR 902)

* Protection of leakages, extensive oil filtering, and gear box repairs
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Dynamic elastomer compatibility
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Maximum performance

Investigation of elastomer compatibility

* Dynamic elastomer compatibility of gear oils for 1008 h at 80 °C bzw.
90 °C /110 °C nach DIN 3761

« Elastomer materials 72 NBR 902, 75 FKM 585 and 75 FKM 170055
» Limits according to Freudenberg FB 73 11 008

IKLUBER

LUBRICATION

Dyn. elastomer |Leak- Change

compatibility age | Width of running marks | Run-in depth | Interference with | Interference with-
DIN 3761 [mI] | atsealing edge [mm] | of shaft [um]| spring [mm] | out spring [mm]
MIN GEM 1 N 0 <04 <10 <-0.5 <-0.6

PAO GEM 4 N 0 <04 <10 <-0.5 <-0.6

PG GH 6 0 <04 <10 <-0.5 <-0.6

PG UH16 0 <04 <10 <-0.5 <-0.6

(75 FKM 585 and 75 FKM 170055)

* Protection of leakages, extensive oil filtering, and gear box repairs
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Industrial gear oils
Achievable oil change intervals
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Viscosity-temperature behavior
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Worm gear load-carrying capacity I1CLUBER
Kluber worm gear test rig
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Motor Bevel gear

Torque / speed
sensor >~
(Input shaft)

N -z iy THY o

Worm gear

Generator Slave gear Torque / speed sensor
(Output shaft)
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Worm gears — High performance
Efficiency
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120 T FLENDER cuw 63 2001

110 4+ | GC-CuSn12Ni

a=0.63mm i=1:39 ny=350rpm
ISO VG 220 ISO VG 460
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Worm gears — High performance
Sump Temperature
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120 T ENDER CUW 63
110 L |GC-Cusni2Ni

a=0.63mm i=1:39 ny=350rpm
100 T [T, =200/300 Nm (ISO VG 220/460)
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Worm gears — High performance
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Worm gears — High performance
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Wear Rate
10 —
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Friction behavior
Twin disk machine (FZG)

Carriage
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Twin disk machine — Friction behavior HLUBEI?
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Practical Experience with High Performance PAO "
Temperature and Sludge Problems L%%%ggﬁ

Applicaton: Various gearboxes

Problem: The used mineral oils and PAOs had a sludge and temperature problem. Too many oil
changes and too high cleaning costs.

Solution : Changeover to High Performance PAO

Value : Reduction of the oil temperature down to 10 to 15°C, no
residue formation, prolonged oil change intervals, maintenance and cost reduction

I Starttemperatur Priafgetriebe 90°C I

4.0 160
150
36 e -
f_..-f-—-*""”—'_ 1 140
. - =+ 130
3.2 Mineral Oil i
— —— + 120
2.8 ’/;:;—*""f High Performance PAO 1 110
S i
E o j;.r' —: 100
; 4 a0
=
&
=
=
=
s
1.2 T3
Ty : =
0.8 —: 30 - .- | ;
0.4 { 20 : h . e
' {0 Clean Gearbox after
0.0 . . : . . . . . 0 changeover
(] 20000 40000 E0000 SDT00 ] 1200000 140000 180000 180000

Anzahl der Umdrehungen



12/5620011 / Slide 35 DestumAr peesanfation wind 2011

. . /i
FE 8 Test Machine - bearings after test ICLUBER
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Clean appearance after the test with: Brownish discoloring after the test with:
High Performance PAO Standard PAO

‘Original,Color '

Y T
. =

=l % t
- g ..‘. -
- @'l v
[ "

L v
e "ol

. . ¢ .
Inside covered with sludge

Test conditions:
Temperature: 80°C Axial load: 80 kN Speed: 7.5 1/min Test duration: 80 h
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